Based on observation data of dust storm for the years 1960-2006 from weather stations across Jiangsu, this essay provides a statistical analysis on the characteristics and trends, including the timeframes and regions of the incidences of four weather phenomena: sandstorm, blowing sand, floating dust and haze in an effort to better understand the trend of dust storm changes in Jiangsu Province, China. The result indicates that, on average, the incidences of sandstorm, indicated with the total number of days in a year in Jiangsu is low and on a declining trend. With the improvement of the environment, no sandstorm has been observed for many years. In general, those of blowing sand and floating dust have been reducing, and showing a significant improvement during the recent years. What should be noted, however, is the accelerated increase in haze incidences, particularly, in Southern Jiangsu.
Introduction
Global warming, along with increasingly frequent extreme weather events, has brought new challenges for the social and economic development. Particularly, dust weather is a known cause of environmental pollution [1] , disrupttion to terrestrial radiation [2] , economic losses and harm to human health. Incidences of dust weather usually have to do with terrestrial vegetation coverage. In the Yellow River Basin and areas to its north, where both precipitation and vegetation coverage are low, incidences of dust weather are higher. In the Yangtze River Basin, particularly, in areas south of the River, which are known for abundant rainfall, higher temperatures and higher vegetation coverage, the incidences of sandstorm are low. Located between these two regions, the Huai River Basin has limited incidences of dust storm [3] .
In Jiangsu, which is one of the most developed provinces in China, According to some statistics, the loss brought by weather disasters is about 3% -6% of its GDP, far above the national average. As a hidden hazardous weather condition, dust storm has significant impact on people's life. During the recent years, there have been numerous research findings on dust storm [4, 5] and other sand/dust-related weather conditions [6] [7] [8] . Located in the lower reaches of the Yangtze River and the Huai River, Jiangsu is a buffer zone between, there is exceptionally few and few dust storm incidences. Due to less intense public concern, there have been little researches on the timeframe and regional characteristics and trends of dust storm incidences in Jiangsu. Based on Jiangsu's 47a dust storm observation data, this essay provides an analysis on the characteristics and trends of dust storm, including the timeframes and regions of incidences, as a reference for dust storm watch and warning.
Data Source and Data Processing

Definition of Dust Storm
In total, there are 9 visual range-restricting weather phenomena, including sandstorm, blowing sand and floating dust, which are collectively called dust storm phenomena [9] . Sandstorm is a weather phenomenon where, the air gets so turbid due to the large amount of sand particles stirred by the force of wind, that the visual range is less than 1 km. Blowing sand is a phenomenon where, due to sand saltation and the turbidity of air, the visual range is between 1 -10 km. Floating dust is one where, due to the suspension of dust and smaller sand particles, the visual range is less than 10 km. Mostly, floating dust incidences are brought about by upper airstreams, or the result of sandstorms and blowing sand, where the smaller particles suspend in the air before they finally deposit [10, 11] .
Haze is a phenomenon where, due to the suspension of a large amount of very small, dry dust particles, the air gets so turbid that the visual range is less than 10 km. Worldwide, haze has been one of the focused areas of researchers since the 1990s [12, 13] . While haze does not fall into the scope of dust storm, it has a common aspect with the later, i.e., the existence of dry dust particles that deteriorates air quality. Therefore, it is analyzed along with dust storm phenomena.
Data Source
47a day-to-day meteorological data for the years 1960-2006 were selected from 13 national class-I observation stations in Huai'an, Nanjing, Lusi, Xuzhou, Ganyu, Xuyu, Sheyang, Dongdai, Gaoyou, Nantong, Changzhou, Liyang and Dongshan, which are manned 24-hours a day.
Data Processing
1) Whenever a weather phenomenon is observed, it is counted as a day (d) of the specific type, regardless of the duration and number of incidences in that day. 2) Province-wide accumulated days are the total days observed in all13 stations, i.e., Huai'an, Nanjing, Lusi, Xuzhou, Ganyu, Xuyu, Sheyang, Dongdai, Gaoyou, Nantong, Changzhou, Liyang and Dongshan.
3) The days of the Area North of Huai River (ANHR) are the total of Xuzhou and Ganyu stations. The days the Area between Huai River and the Yangtze River (ABHR-YR) are the total of 7 stations, i.e., Huai'an, Lusi, Xuyu, Sheyang, Dongtai, Gaoyou and Nantong. The days of Southern Jiangsu are the total of 4 stations, i.e., Nanjing, Changzhou, Liyang and Dongshan. 4) The monthly (yearly) total of any particular region is the average days of that region, i.e., the total days in that particular month (year) divided by the number of stations in the region, expressed in D. 5) In order to study cross-year sand/dust-related climate changes, the subject years are divided into year groups (YG) of five years each, i.e., YG1 (1960 YG1 ( -1964 , YG2 (1965 YG2 ( -1969 )…, and YG9 (2000) (2001) (2002) (2003) (2004) . The total days of any particular region in any particular year group is an average number, i.e., the total days in that region in that particular year group divided by the number of stations in the region divided by 5 years, expressed in D. 6) The calculation of Climate Tendency Rate (CTR) is that assuming that the cross-year climate element is y(t), of which, the tendency of change over time is simulated with a unary regression equation, then we can get y(t) = a + bt, where "a" is a constant; "b × 10" is the tendency of change; and the positive/negative signs of b indicate the upward or downward trends.
Results and Discussion
General Characteristics of Dust Storm
1) Percentages of dust storm types. Statistics show incidences of all dust storm types in Jiangsu, given the different distribution and percentage of each (See Table 1 ). Apparently, the Area North of Huai River (NRHR) has the least dust storm days, and Southern Jiangsu the mostabout 50% of the provincial total. In all regions, includeing NRHR, the Area between Huai River and the Yangtze River (ABHR-YR) and Southern Jiangsu, the percentages of dust storm types sequence haze > floating dust > blowing sand > sandstorm in terms of incidences. Province-wide, sandstorm has the least incidentces-3 d in 1976-1997, and zero in 1998-2006, indicating that sandstorm is no longer a threat to Jiangsu.
2) Yearly distribution of dust storm. 3) Monthly distribution of dust storm. Figure 3 shows the incidences of dust storm types in the regions by month. In general, the July-September timeframe has the least incidences, as the number bottoms in July, and gradually increases in September through December. It peaks in December before starting a downward trend again till next July. It is similar to the trends of monthly precipitation and terrestrial vegetation coverage changes.
Characteristics of Sandstorm Incidence Distribution
1) Yearly distribution of sandstorm incidences. . Figure 5 shows sandstorm incidences by year group. Most of the sandstorm incidences were observed before the 1970s. Few incidences have been reported since the 1970s.
2) Monthly distribution of sandstorm incidences. Figure 6 is illustrates the incidences of sandstorms by month. In ANHR, sandstorms occur mostly in January through August, with incidences peaking in June. In ABHR-YR, sandstorms occur mostly in October through the next June, with incidences peaking April. In Southern Jiangsu, sandstorms occur mostly in March-May and November-December, with few incidences in both time-M frames. -1964 1965-1969 1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 Figure 8 shows the incidences of blowing sand by year group. Obviously, in ANHR, the number of days reached its high level in the 1960s, and peaked in the mid 1980s, when it started to decrease rapidly before bottoming in the later 1990s and taking an upward trend again in 2000. In ABHR-YR, the number of blowing sand days increased significantly in the 1960s and the 1970s, when it overtook ANHR, it decreased fast to approach the level of Southern Jiangsu and less ANHR throughout the 1980s, it maintained roughly the same level of Southern Jiangsu throughout 1990s, and started to increase rapidly in 2000, expanding the gap with the later. In Southern Jiangsu, the number of blowing sand days has been the lowest across the province. It started to decrease gradually in the 1960s through the 1980s, and bottomed in the 1990s. Given the minor rebound since 2000, it has been largely stable ever since.
Characteristics of Blowing Sand
2) Monthly distribution of blowing sand incidences. Figure 9 shows the incidences of blowing sand by month. In ANHR, the number of blowing sand days peak in April, followed by March and May, while July, August and September are the lowest months. In ABHR-YR, blow- 1960-1964 1965-1969 1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 ing sand incidences peak in March, followed by February, April and May, while July, August and September are the lowest months, like the case in ANHR. In Southern Jiangsu, few blowing sand days are observed throughout the year. In general, more incidences are observed in the November-May timeframe than in the June-October timeframe. The reason is that in March and April, there are usually less rainfall, more cold airstream activities and gusts, and the temperature is higher-all these are favorable conditions for blowing sand. In July, August and September, which make up the rain season, the air is more humid, and would prevent the occurrence of blowing sand. 1960  1962  1964  1966  1968  1970  1972  1974  1976  1978  1980  1982  1984  1986  1988  1990  1992  1994  1996  1998  2000  2002 through the mid 1980s, when it started to decrease significantly. It reached the same low level of ABHR-YR and Southern Jiangsu in the 1990s, and maintained that level throughout the decade. In the later 1990s, it started to increase slowly-yet at a pace faster than those of AB-HR-YR and Southern Jiangsu. In ABHR-YR, the number of floating dust days increased significantly in the 1960s through the mid 1970s, surpassing that of AN-HR in the later 1960 and the later 1970s. In contrast to AN-HR, it decreased fast in the 1980s. Since 2000, it embarked on another slow upward trend-at a pace slower than that of ANHR. The trend of floating dust in Southern Jiangsu is similar to that of ABHR-YR.
Characteristics of Floating Dust Incidence Distribution
2) Monthly distribution of floating dust incidences. Figure 12 shows the incidences of floating dust by month. The data are similar for ANHR, ABHR-YR and Southern Jiangsu, with the peaks occurring in April and the bottom in July. Incidences in August and September are similar to those of July. Fast increase is observed in September. After the second peak month, December, incidences start to decline again, till the second bottom month, February.
Characteristics of Haze Incidence Distribution
1) Yearly distribution of haze incidences. Figure 14 shows the incidences of haze by year group. Obviously, province-wide, the number of haze days was at its lowest level in the 1960s and 1670s, when those of ANHR and ABHR-YR started to climb slowly and that of Southern Jiangsu increased rapidly, expanding the gaps with the other two.
2) Monthly distribution of haze incidences. 70.00 1960-1964 1965-1969 1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 gradually in September and reaches its peak in December.
Then it would start to decrease till the second bottom month. It increases slightly in the May-July timeframe before taking on a downward trend once again.
3) The changing characteristics of Vegetation. It is known as a land of fish and rice since ancient times in Jiangsu province China, Wasteland has constantly been developed into fertile land from 50s, meanwhile area of man-made forests expands unceasingly from 90s ( Figure  16) , it is shaped that Vegetation and soil and water conservation is getting better and better, to reduce dust storm.
4) The changing characteristics of air pollution. Jiangsu province is China's coastal economically developed provinces, social economy developed, although the achievements in energy conservation and emission reduction, but the air quality than before there are still falling, there is a probability of acid rain increased dramatically as Xuzhou (Figure 17) , at the same time haze weather are more and more. 2) Significant changes in the regional distributions of blowing sand and floating dust have been observed. Most incidences occurred in ANHR and ABHR-YR in the 1960s and the 1970s. A few stations have reported sharp increases in the 1970s. Since the beginning of the 1980s, there has been a general trend of decline, with most incidences reported in spring and least in summer. It is consistent with the trend of changes in local vegetation coverage. Therefore, increasing vegetation coverage proves to be the most effective way of reducing blowing sand and floating dust incidences.
Summary
3) Haze has the highest incidences and frequency of occurrence. It has also shown an upward trend, and ac- celerated increase in the recent years. Haze incidences are observed in all months, and all seasons. In general, however, there are more incidences in winter than in Summer. In terms of regional distribution, few incidences are observed in ANHR and ABHR-YR. Most of the incidences are reported in Southern Jiangsu, which is showing a significant trend of increase over the years, expanding the gaps with ANHR and ABHR-YR. Obviously, the fast increase in haze incidences has little to do with vegetation coverage. Instead, it is believed to have considerable connect with the fast growth of local economy and pollution and the deterioration of air pollution. Therefore, in Jiangsu, more researches should be conducted on the rules and causes of haze incidences, with a focus on possible prevention and treatment actions.
